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The distance between stations A aiid B is 2,SOO ni., so that B ani1 point 2 are on the same vertical line, and 
which on the plotting board is as indicatecl on figu~~e 1 rend wind direction a t  c! from the celluloid protractor. 
(the scale on the ori!;hid being 1 cm. to 800 hi.). The For the end of the second minute set pohits 1 and 3 011 
method of findui~; horizontill rlist.nnccs, altitude, whit1 tlic same vertical line, ruid r e d  direction at C. T o  h i d  
directions, and velocitics is RS follows: the velocit-y a t  the end of the first ninute measure froni 

Set the celluloid protractor with Oo on station B. Sct A to point 3. l l i e  distance A to 3 is 63 nini. on the full- 
movable arm at 310O. From B follow line on aziniuth sizecl plott,ing board; 03 mni. is equirnlent to 1,260 m., 
looo. Where the 190° line meets thc protrwtor arm, the distance travelcd in 180 sec., or a t  a rate of 10.5 ni./s. 

The distance of point 1 from 11 is s l ~ o ~ ~ v r i  The same result ~roulil lirtve bceii ohtitinecl by dividing 
Bet niovd~lc. win 63 by 6. For the velocity n t  the elid OI the second 

at 30' on the wrt.icnl qiiailrnnt C!D (11s now placed). minute measure from 1 to 3, mid divide by 6. 'J%e 
Follow horizont.nl line froin 550 on scale AC to  win. smie method applies to nll minutes following. Obviously, 
Tlie altitude, which is niensiirecl by the distuncc+ cm tliis if tho direction is changiiia from niinutt! to niiiiute, the 
horizontal line, is shown by the s d e  to he 2Ui) 111. Tlie velocities so coiiiputeil will he soincwhnt too sinall. In 
same method of fini!ing horizon t . d  rljst.a.~icrs mil r i l  ti- practice, however, the results are sufficiently accurate, 
tudes applies to all other minutes.' T o  hid wiiill tlirec tion considering other soiirces of error. 
st the end of tlie first minute move the celluloid prutractor 

. 
y tlie scale on the ann to be 550 in. 

SOXE OBSERVED IBBEGULAR VERTICAL MOVEMENTS' OF PILOT BALLOONS. 

By Lielit,. I .  R.  TANNEHILL, Signal Corps. i l I~teorologi~~l  Service. 

[ixLtrd: H W ~  :I:~IICOC!;. N. J.. w,p 3n. I ~ I  

In  a quiet atmosphere the rate of as::cnt of n $ut he typirnlly rotqv, the balloon does not necessarily 
htilloon does not differ iiiat,erially from tliat coiiipti t,cd (ani1 prob:ihly mrcr1.v does) i n i ) ~ e  in a spiral with refer- 
from formula. For ordiiinry ]~urp~)ses i t  is a constiiil t ence to a point on the earth's sui-fnre-it seenis safe to 
rate.' When there is active convection, howcvor, there use tlie iryeg1arit.ies in the rate of ascent of pilot halloons 
~ 1 1 % ~  be irregularit.ies i n  the rnte of nsceilt miti the ;I.VOM\.SO as n.ii inclici~tion of vert i -d  air niovemc!it.s. 
vertical mn~!i:ie11 t of the Imlltmi may rliii'cr widcly f r o i n  It is the chject. of this pnper, then, to clisc.i!ss briefly the 
tllnt assuniccl. T;;ese rnriatimis froin tho cornpi ted r:Lf.e irregu1:irit.ie.s that. nro ol)serre(l in tlie tweiisional rate 
are due, undvuh teclly, to vcrticd Iiiuveiticrtits of tilt? tiir of pilot l.~:rlloons, partkdnrly l>c.nenth clouds, as indicut- 
and ning be t d x n  us n ineiisiire of upw~~rtl  uiicl tlownu-t~rd i1i.g vertical movements of the air. 
coniljouents of wind n~ovci~im ts. t ;Is to uuusual differences. the follt~miug is an illiis tra- 

When there are ascenc1iii.g air ccsliinms, there nuist he tion: On tTune 13! 1918, a t  1 2 0  p. in., ctt Fort Monroe, 
rcitnry niorei'uents in iiiting cases.* lJ1lt tiiese dl i r ls  do Vn., n pilot hdltmi wit!i an ns~ensional rate of 193 
not appear in the horizoiital prij.iect,itiii c l t '  t!ie l):ill(-mii's meters per minute from formula wns ohserved with two 
path, for this ,at!i sliows oi:ly the l ~ i l ~ \ ~ C l I l I ? l l ~  of tlie theodolit,cs to rise a t  nn avernge rate of 396 meters per 
balloon with re I erence to a point 011 t!:e eart!l's surf:ire iiiiiiute for fiw minutes before passing into H, cuiiiulus 
and the rotary nio t.ion ~\~oulil he siit'li with refercuce only cloud. This occurred with a fresh northwest wind, 
tc, the air .in the stretuiii in wliich the ljdlooii ddt,s.  teinperi..ture 23' C.. nud pressure 756 nun. In Table 1, 
If t!iere were n whirl under clmtl, the balluon wo:ild tlie rate of ascent of this hallooii is coniiinred with others 
iiiovc: in n srirsl with reference to tlie ( . lolid lmt r iot  wit!l leunched 011 June 13 :~nd 13, 191S, a t  Fort Monroe. 
reforeiice to n point oil tlie enrtii's surfwe, iiiilpss the 
cloud be stat,ion;iry. A flight gi\+ig n wnvy projer:t,io11 T A ~ L E  l.-€fejghts of pilot balloons ohsPriw2 with t ~ o  theodolites nt Fort 
wns replotted wit,li reference to t.he air, 11s suhtrcwtinq Monroe, T'a., June 12 aiid 13, 1318. 

the avernge wind movement (in both ni:ignitucle nnd direc- 
tion) from each bnllooii minute's movement. The result Date. I Time. 

- 

was a circular path, as espct,ed. It seeiiis that wlim -- -- i 
the ballooii is rising nt rt1t.e~ greot,er t~1l:IJl thiI.tm coiiiptcd J";;::," :$:::: I ;;!:,9.,";:::: 
such unusual iiiotion is evidenced by R wavv prc\jw:tioii. 

Tlie wvliirls whicbIi ai? mtr in ttie Imkiitid projavtious 
of the patlis of pilot h d  ll oo~ls seein to he wiiii-h iii :ilii)t,!:er 
S B I I S ~ . ~  In these cases tliere seeins to be a strnight wind 
at level, yet t,rtlloOll llloves ill a spiral col,rse 
l)ecnuse it rises tlirougli strata with vt~rioiia wind II~OTC- 

cDscs t..lat tl.,e l,a~~lloll K.uultl ,llC,Ve ill :I wjLirl if it llicl 
not rise. 

For retIsons--(l) tllat tllo bullooll rises in c!3,ic?t 
ntiiiosphere n t  n rnte n-1iic.h is nearly constnnt :uid C?,I 
thtit nltliougli coiivec tioiial niovcnient.s of the rtir m ~ j *  

In coluiniis lieatled I , 3,  3, etc.,. is shourn the height of 
tlie balloon a t  tlie end of each niiiiut,e. Column headed 

headed "1) " gives the actuiil average rate taken from the 
height of the Idloon nt time of last reading with both 
tlieodolitea. Heights are in nleters and rates of ascent in 
inet,ers per minutme. 
t,llere It is apparent from an inspection of tliis table that 

. ll>ca,l , st,rol~g Fert,icitl mo\-el l~en~ durin the 
dtcriioon of the 19th and t,he day of the 13th. &ere- 
fore, this plienonienal rate of ascent of one pilot balloon 

1). ni., tlie same clay, one hour and 
nlloon was launched which rose very 

11p11tsm It (lops llot Seen1 likely fro111 ;I stllcl.v of su,.li ' 'a ' :  gires tile co~111)~tecl rate fro111 formula alld columll 

I See pp. 211-212. nlmre. 

Ute) wm e\-i&ntly clue to atnlospheric 

11 t,he table. During the seconi1 and 
-- 
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fourth minutes this balloon rose only 80 meters, while 
during the ninth minute i t  rose 375 meters. 

Cases in which balloons have moved upward much 
faster than expected are common, but an attempt, by the 
writer to clesslfy a num.ber of these according to the kind 
of cloud in which the balloon disap eared did not give 
consistent results. It is, therefore, a R visable to cite a few 
cases and show what may happen under suc.h circuni- 
stances. 

Since i t  appeared likely that topography affects tlie as- 
tensional rate of a balloon during the first,few minutes of 
flight experiments were made to determine the extent of 
this influence. 

On May 13, 1919, a t  Fort Monroe, Va., two pilot 
balloons were filled, partly with air, partly with gas, so 
that the free lift was esavtly zero and the balloons when 
released, with care, remained stationary. They were 
tested in a room the temperature of which was practically 
t!iat outside. There was a t  the time a layer of strato- 
cumulus covering the entire sky. The temperature was 
14.5' C., the pressure 759.9 nini., and the wind north, 
4. 4 m./s. 

The first of these balloons was released from the rtini- 
part a t  1 :50 1). m., and during practically the entire 
time of flight i t  drifted over the hay. I t  was assumed 
that the balloon's horizontal motion was that of the 
air? 4.4 m./s. From the distances by this nssunipticm 
the altit.udes were coniputed from elevation angle reucl- 
ings with one theodolite. This balloon rose irregularly 
to a height of 127 meters (from this assuniption) on the 
13th niiiiute. It then descended slowly to 130 meters 
a t  the end of 16 minutes. 

Balloon No. 3, released iinmediat,elg afterwards, with 
a wind of 4.5 meters per secoiid, rose (on a similar 
assumption) to a height of 684 meters on the 18th minute 
and then descended to 553 meteis when lost at the end 
of the 21st minute. 

This north wind, coming from the water, was probably 
thrown upward in passing o w r  the ramparts. Since 
the sky was clouded i t  is ap arent that there was no 

seem to indicnte that local currents a t  the surface may 
affect the rnte of ascent of a balloon during the first 
few minutes. Certainly, tifter that time, tlie influence 
of clouds in some cases may he marked. The errors 
which might arise in an assumption of a uniforni ascen- 
sional rate froin formula are obvious. 

It has been shown that' the actual rate of ascent. niay 
in some cases depart materially from that, calculat,ed from 
forniula. What effect does such a departure have upon 
the wind aloft data secured from one-theodolite observa- 
tions, assuming altit,udes from formula ? An individual 
case may be interesting. 

At Park Place, Houston, Tes., January 6, 1919, the 
pro'ection made froni a balloon observation at ?:Ti8 p. m., 
9Ot. meridian time, was as shown in fi re 1. The ascen- 
sional rate of this balloon from formu a was 182 meters 
per minute. There were a t  the time ten tenths of.alto- 
cumulus clouds. Observations before the ascension 
showed the clouds to be moving from southwest by south, 
but from the flight i t  was found that the balloon was 
moving from the west on the 8th minute, or just before 
i t  passed into the clouds. One theodolite was used. The 
clouds were assumed from this observation to be 1,600 
meters high. 

Later, observations showed that the clouds were still 
moving from the same direction, southwest by south. It 
therefore seemed that the projec.tion was in error. The 

appreciable heating effect on t Y le balloon. These figures 

T h 

fact that alt,o-cumulus clouds should be much higher 
seemed to indicate that the wsunied altitudes were 
wrong. Referring to figure 1, let us assume that, the lml- 
loon moved from the 7th to the 9th minutes in the direc- 
tion in which the clouds moved. The 1oc.ations of the bal- 
loon would have been a t  Sa and 9% instead of at S and 9. 
This would necessitate an ascenaional rate of the balloon 
during the Sth minutme of 400 meters per minute and dur- 
ing the 8th ininute of 600 meteis per miuu!e. The bal- 
loon, being lost during the next. ~ i i i u t u ,  the actual alti- 
tude of the clouds may J I R V C  I.seii over 3,000 meters. 

r 

-- 

FIG. I.--Thesolid line A to 0 is the path of the hlloon projected uyn the horizontal 
plane and Is from readings with one theodolite. The tlgures 1 -, 3, etr., show the 
position of the balloon at the end of each mlnute. The figures Sa a h  I)a show probable 
positions of balloon at the end of the Sth and 9th minutes, from movernit of clouds 
into which the balloon assen. From these distances, A-Sa and A 4 a .  the corrected 
altitudes were cornputex using the angle 01 elevation. 

That there was such an updraft under these clouds is 
possible. I t  began to rain 

was not due to 
errors in observation. As a balloon was 
launched t i t  3% p. m. and the same abrupt change in 
direction, using one theodolite, was shown. Errors in 
the assumed height, therefore, produce errors not 
in distances traveled and consequently in wind 
but produce.serious errors in direction of the 

The peculiar shape of this 

obtained wit.11 one theodolite, 
not moving straight away from t le station. 

rovided the balloon is 

* * * * * P 
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In  a paper by A. E. M. Geddes, published in the 
Quarterly Journal of the Royal MPteorologicnl Society, 
,4pril,1915, volume .tl,pp. 123-135, pilot-balloon observa- 
tions a t  the Observatory, King's College, Aberdeen. are 
discussed particularly with reference to wind vdues aloft, 
in relation to the p d i c n t  wind. The rates of mceut of 
the balloons are given, however, and t,abulated according 
to the kind of cloud in mhich the balloon was lost. 

In  the rage of strato-cumulus clouds, it is st,ated t.liat 
for corresponding lifting powers the upwttrcl velor4 t,ies 
were gent,er tl1a.n on clear dags. (Cf. footnote t on p. 
233.) No sudden increase, however, was obwrvecl on 
passing into the cloucl. 

-4 sudden increase in u ward velocity was observed in 
all cnses hut- one where t. E e balloon ~~assecl into cuniulus 
clouds. In  one of these flights, the balloon rose at, a rat:e 
of 6.3 meters er second iiiimediately before passing into 
the cumulus c 'i oud. This gives a rate of 3 2  meters per 
miniit.e, which is not. murh rliflerent. from t.he high rat,t! 
noted n t  Fort Monroe on June 13, 191s. 

With fracto-cumulus cloiids there was a siitltlen rise at. 
t,he base of thecloud. This snt lde~  increase wmnobsolarge 
as in the car;e of cumulus clouds. 

ITit,Ii st,rntus clouds there was a fairly uniform vertirnl 
relocity with no remarl~alde increase on ent.ering the cloud. 

111 ronvlusion, it. is st,at.erl that "in making observat.ims 
wit,!i one theodolite i t  consequent~l~~ becomes incuniheilt. 
on t.he observer to t,ake note not only of the free lift. of his 
ba.lloon, hit, a.lso t.0 s t d y  the t,ype of cloud into whit-h his 
balloon is likely to disappear, nnd the tendency of tlw 

barometer, before assigning any definite vertical veloc.ity. 
Even then the aasurnption of a iiniforin verticnl velocity 
is apt t,o round off corners and bring the condit.ion of the 
at.mosphere int.0 a more ideal st&e than it. really is. 
When a consirlerable altitude is rear*hed, sa.y over 3 
kilomet.ers, surface influencer will have disa.ppcared, and 
the one-theodolite met,hocl may be sixperior t o  the other, 
seeing that the base is often small compared with the 
distance the balloon has tmveled." * * * * * 

J n  many instances t.liere is not any sudden increase in 
ratbe of asvent when the halloon passes into cumulus 
clouds. This does not prow, however, that such vertical 
movements do not esist. Wit,h two theodolites the 
balloon is oftmen lost a t  one station two or even five 
minutes before i t  is lost in or behind the cloiid a t  the 
other station. The number of cases in which t,he balloon 
nct,uallp disappears in the cloud a t  hot.11 stations a t  the 
same time is comparntively mid.  Consequently it may 
he that, in many instances the balloon passes behind the 
ciloud or het.ween two clouds. 

In conclusion, it may he said t.liat inasmuch as i t  is 
often necessary to observe a halloon wit,h only one 
t.licorlolit~e or t.0 continlie a.11 observation when the 
bdloon is lost t.0 one observer, it  is necessarv to make a 
careful inspwt,ion of clouds hefore conchiding that the 
drift of the balloon as plotted represents the movement of 
the wind. A consitlerable departure of t9he actual from 
the comput.etl rat.e mill, with one-theodolite ohservations, 
produce a serioiis error in the wind dRt,a detluced. 

THE WOBK OF THE AEBOQRAPHIC SECTION OF TEE NAVY.l 

By Lielit. Commander ALEXANDER h k h I E ,  I T .  8. N. R. F., Senior derographic Officer. 

[Dated: Harvard Vnlversity, Blue Hlll Obaervatorp. Resrlville. Mass., Mar. ?i. 1019.1 

Early in January, 1918, t,he Assist.nnt Secretary of t.ho 
Nrtx-y ssked Prof. McAdie to superrise the. organization 
of an aerogaphic section in the Navy. Enrollinu as 
lieut tmmt commander in t.he Reserve $"orce, this o&cer 
reported t.o Capt,. N. E. Irwin, Vnitecl States Nav ,, Di- 
rector Naval Aviat,ion 0pernt.ions. He sailed for d r o p e  
early in April, accom anied by eight aerographic officers 
to take over certain o \ servations in t'he British Isles and 
Franc.e. 

Instruction in meteorology had been given in a general 
way a t  a number of naval itir st.ations, but c1efinit.e work 
in aer~graphy,~ similar t.0 that, carried on a t  British, 
French, and ft.alinn air schools, mag be said t.0 have had 
its beginning on December 3, 191i, when the first, group 
of students who had finished t,he course. in the Ground 
Sc,hool a t  t,he 1nstitut.e of Techidogy, re ort.ed at, Blue 

aerograph7. To aid in the rapid estahlishnient of the 
serricc, Lieut. W. F. Reed, jr., also gave considerable 
prnct.icd and theoretical instruction atr Pelhum Bay, 
N. T., during January, February, and March, 1918. A 
knowledge of t,he struct.ure of t,he atmosphere, the relabion 
of wind and pressure, t.he variat,ion of wind with height, 
eddy motion, t.urhu1enc.e in relation to gust.iness, t>he use 
of sounding and pilot balloons, forecitsting for aviat.ors 
a t  foreioli and home st,ations, and some familiarit.? wit.11 
the WOI% of modern investigators-Dinos, Shaw, Rotch, 
Gold, Cme, Taylor, and others-were regarded as neces- 
sary. As t,he instrunient,nl equipment. of the obsermt,ory 

Hill 0bservat.org for an intensire course o r instruct.ion in 

_-________ ~ ____ ___ 
1 Puhlkhed by permission 01 the Secretsrv 01 the Navy. 
1 **Aerugraphy' as here used is practicall< rn~onymous with **meteorology "except. 

that it iinpliea that the main emphasis or the work hrd to do with Ires-& condi- 
tiOllS.-I!klToIL. 

includes many Europertn inst.ruments not' found elsewhere 
in this count.ry, stuclrnts had opport.unit,y to familiarize 
themselves wit.h such inst,rument.s. The work was upon R 

post.pa.duats basis a.nd the men entering were required 
to holcl unirersit,y degrees or possess a training equivalent 
to t,hat. required for a degree at. t,he MnssnchusetDs Insti- 
tute of Technology. In  all 56 men took t,he course. 
These (wit.h t.he ssception of four) received their com- 
inissioiis 8.s c.nsigns. Twent.y-eight American universi- 
t.ies or colleges wore reprcsent.cd. Of t.he wholo number 
2" hac1 forci- n service. 

Throiigli 8ie courtesy of the British Admiralty, officers 
upon th& arrivd in Europe were perniit.ted. t.o $end two 
weeks at, se.ler.t.ed air st,at,ions, and t.hus get in t,ouch with 

The British Aclmnirtilty also kindly agreed to furnish 20 
complete 0utfit.s for aerographic observatories (see Fig. 2, 
opposite p. 237, below). 

Many of t.he officers were elected Fellows of the Royal 
Meteorologicd Society and while in London were made 
welcome at, the library and offices of t,he society. We 
were also made to feel ata home in tho Met.eorologica1 
Oflice and wero allowed t.1w privilege of h i n g  in the 
Forecast Rooni when work was in progress. It. must be 
remembered that. at this h i e  all weat.hrr information 
was confident.ia1. Harmonious relations were main- 
t.2iine.d with the Air Service of t.he Army in France. 
Lieut. Commander McAclie and Maj. B o u ~  had many 
conferences n t  thn Bureau Cent,rul M6tBorologiquc, and 
received every courtesy from t,he direct,or, Prof. A. Angot. 

By this cooperation, the Navy aerographers on the 
consts of Ireland, England, and France becnnlc part of 

lat,est de\~tdopment~s. 


